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(57) Abstract: A film bulk acoustic resonator comprises a substrate (12) of a single silicon crystal, a base film (13) formed on the 
substrate (12) and composed of a dielectric film mainly containing silicon oxide, and a piezoelectric multilayer structure (14) formed 
on the base film (13). A vibratory section (21) composed of a part of the base film (13) and a part of the piezoelectric multilayer 
structure (14). The piezoelectric multilayer structure (14) includes a lower electrode (15), a piezoelectric film (16), and an upper 
electrode (17) in this order from below. The substrate (12) has a via hole in the region corresponding to the vibratory section (21). 
The via hole forms a space for allowing vibration of the vibratory section (21). The piezoelectric film (16) is an aluminum nitride thin 
film containing 0.2 to 3.0 atom% of alkaline earth metal and/or a rare earth metal. Thus, the film bulk acoustic resonator has a large 
electromechanical coupling coefficient, an excellent acoustic quality factor (Q), an excellent frequency-temperature characteristic, 
high characteristics, and a high performance. 
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io ^^tTofcii^ic. A l N|gaKieHbfcBWi:T*lHl*fiiiW©Si4 
• tr-^*n5t^^^^iT♦t'5:^/^ ! bO%El^t^o fllAfcf* (0 0 0L) m 

-EflBi* bp*>. ciim-E^flittx 0-2 e®m<Dxmmm\%.r- (0 

0 0L) ®mft©5i*3fflK# (0 0 0 L) EEt*©**£-*§fifi©5 96 
*?i> »*b<tt2 96*»» 3 6Kfr*b<ttt*mPgjmT®fc©"C* 
15 £ e £43 (0 0 0L) ®tt, (0 0 0 1 ) »J©H, SP*» (0 0 0 1 ) 
®, (0 0 0 2) (0 0 0 4) @&£©^ffift@&i£$frT&^T* 

*f^£6tt* |2|lS^ll2lC^tli^©FBARtC* > ^T. 

20 Ltzo *0»ft/AlN*M*&4*p«ftli**t«FBARC!)ft»9 

tt#, A 1 N»IlSloia« J ?»ISIi14»c^S<fl(#t*i:i:%Mliibfeo fiP 
a»ft*fi1*14*#*fc<)»i:tt» AlNitJtfc^l^A, Xhn> 

££Ax #KV-9A> 7vX:/ni/£A, x;ut?9 A, ^ y r;ut*£ A 
25 4ir©ft±lB^jRcE)Sara^wa-e**. *?*b<tto. 2 

~3. 00^% (A t om%) T'&£o 0. 2 A t o m 96 *fiit 
^H^^iDtC«fc^^ig^14^#©^m^STb, -#3. 0Atom96 

30 7;u*'J±a^«*fctt#±»^ll*^Wt*AiN*l!9tt, CNlSffl 
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xmrnmiz^^ommLtz (0002) mouftyz-fouv* 

- *-7*mm (FWHM) t4 3. 0° VXTX'&Zo uy*y? > 

*-7*mm (fwhm) &3. o° *m*.&ts nswmM&k** 
5 *mm (fwhm) tm&\zM<**ks tsbsssstoi 5b^±g& 
7)1*1) ±m&m * tz i±%±mjcm*^ t * a 1 n sum© c «istt 

0. 4 9 78~0. 49 9 SnmT&SCfcTW^U^o C|fcg#0. 4 
9 78 <fc<9'h£<Tfc> 0. 4993nmJ;^§<t^ l^ffjfii^ 
10 «kt 2 £tf##lftn n oM«* (CHI) tfffiTU £Jg«rtt>WB<bT*fllRl 
£tz. 77? M-*&te«fc9$J£Ufc (0 0 0 2) ®©X 

«@9rtr-^©2 emisftvWM (fwhm) tto. 6 9 ^T-e**c 

^IftbK 2 eiH]^©^^ (FWHM) #0. 6° *mXZ>t, 

*tto* m^M^^kt 2 ^^t#^D a a K« (an) jwetu ft 

15 !R«ftt*«jBWkt*ffilRlK:**. 

19 3 «fc *E*»WWF©5KJW©Wli»»*w1-«att¥ 

Hur-^Ox i4i±*©x-xgfr®ni-e&£o cne»oia*c*^*c, ±fH 

0, ±OTffil 7W\ H 1 (DWMcfc l 7Afcm2©SM5l 7 B 
3„ Ztl^nm^l 7 A, 17BttWni^l7Aa, 17Bat 
«?»17Ab, 1 7Bbtm^o ±#fiM 7Aa, 17Battii 
SP2 1 te*HBtS^rt*£(ftBb-r*0» JWTOl 7Ab, 17Bbtti 

25 ijg|S2 i te»jct-6««uw©ii*K:tt«br^*. 

««JB»-ett, ±WWii 7©5*>©-^ (0j*.fci:»2©ws»i 7 
B) fcTSSffil 5fc©f§fcA2jmEE*0]iJOU ±f»mffi 1 7©5 *>©fl& 
-ft (fM Atf HI 1 CE>«Sffi 1 7A) fcTWMl 5£:©ffl©«EE*fcB*i1tE 

UTIB 9 Hit <:£**"?£*©?, 
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tarn®.®?* ;u*-*aaMfi*:7-/ frf-omnmnt. hxmt&z. t 

5 . fcfc, *56W©»J©»IUK»*»WT*. c©*ttJ&tt"Ctt* lai&tf 
II|2te*3n*$ftl8$*Wb-C45 9, {iU EmHl6fcL AINfc 
GaNfeOiMifettA INfcl n N £©@^M>>£>& 9 > *©J?3fct 
$IAtfO. 3~3. Oiimf^, fl&©flU#g*tt, EUStfEUKMb 
lftB£bfc4>©£:|I)}ilT-<!j>£o C©J:5ftEEW#l8il 6©«ffii: bT 

tt»i«*»«t**sii<z> K^-f Eioittao c ijgsi4'a:fcr©«siitt^ 
¥frfc g fi<) t ^ asm** tin hsh^ii© z. t *im? 6 0 m x 

At. (oooi) #-ieflji^ KffifcWte.Cooo i) ®**j£&br 
^*K**lflet*. ^ftffltett* 5w 7?*M-*&te«fc*Xj|!@8Tii 

£*ffofc»^iC, -SSSAl-x G a x N (fib* 0<x<l) 
20 A 1 N i: G a N fcCi^Cgi* fel±-iSA 1 In, N ({I 

U 0<y<l) -e»«n*AlNfcInNfc©@»ft:©feSK:jEHbfc 

a m t ? % ig#fiB^©5W tr- * a, ^^tts r* § ft ^ t © 

&o mxti, (ooo-D #-eirU«, bp*, ciMMEM*tt v e - 2 

d®m<Dxmmm\fex* (oood mMommmv (ooods 

25 SI*0ft^tT-^3fiSCD 5 96*SI, iff*b<tt296^ 3e>fciif*b< 
tt&aJlEWT©*)©-?**. £43 (OOOL)Stt, (00 0 1) ft?IJ 
©®, fiP*> (0 0 0 1) ffi* (0 0 0 2) (0 0 0 4) ffift£©«fit 

ffift@*Wxt<5^T-*>*. 

30 #1£**A 1 N^SIIi©3ffl^3Bai4»Cif©J:^»5:ft#T*©*MCo^T^ 
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btZo W*>, EnfomtbX, -M3.A 1 .-x G a x N USU 0<x 
5 All-, In, N ({&U 0<y<l) X'%ZtlZ>^.i\:7 J* kB. 

&fcfa±3#*fca&fc*ra&'T?fc*. c<ottl&foJ:4>fc*>fctt, o<x< 

0. 5, 0<y<0. 3T*&£©iW£b<> Efc$f*b<ttO. 03< 
10 x<0. 35, 0. 01<y<0. 15T'^. 

mmowmmQ)*)^ uottz^o^t. ^si.., B t^sn 
. affrM^tt^fcjRu pt*fcttAu©isstta!iai»F.-.."c«n* 

^tt^OMo^WiOiWHItt (110) EIrI&^U flMfc^frte (1 1 
15 0) ffi«bT^§. -15 s ZXy f-mttzttMMmiZ&VBf&btz 

fflM^?©Pt*Au©iSAtt (Hi) Effl**U OTJfcWte 

(111) @«bt^. MoilOj|?£R (a MS) ttO. 3 1 
4 7nmfff&, ( 1 1 0) jSMffittO . 2 2 2 5 n mWftOttt* 0 , W 
lftA®fe?£ft (aNlft) ttO. 3 16 5nm|tl, (110) jgfflffitt 
20 0. 2 2 3 8nmWftOflfC**. Ptigi©^ll( (afth^) t±0. 
3 9 2 3 nmit, (111) E±te*#* (110) SMffittO. 2 7 
7 4nm|&a<Dfi-C*0, Au&AeflmBR (a«|5) fcfcO. 4 0 7 9 
nmfuf&, (1 1 1) ®±tC;Btt* (1 1 0) HffiPHttO. 2 8 84nm 

fcttw|gAfc£©ii£tett. cft&4>M®ft?£0( (Wfc (10 0) 

mmm) icagu nm&mm&<D%=F%» UN*) L M1 oo£Mf5<z) 

Al>.» Ga x N ({Bb, 0<x<l) ^S^ttA^ fcteA 1 
In, N (fib, 0<y<l) &@&#&A<!)a$lb:gLpz. tCDWs^O 

30 1 0 0 * (L M 100" Lpza ) /L M 1 00 
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ttzitAum^ifom^t, ztizomik® (ill) ffl±te#tt* 

(110) SfMic&gU IfrMllSli© (ill) B±te*tf* (l 

i o) mmmL ullo tmm<oAi »-« Ga, n «&u o<x<n 

5 ^IliftttAlL, In, N (fiL 0<y< 1) %S$#!M<!) 
(10-10) S^P^Lpzi fc©M!PH©5* , ?**"*% 1 0 0 * (L 
m.io-Lpz. ) /Lmmo [%] tl/^V^^-^-tit. {t^lL^te? 
©Mo*SS*fcttW*Sfl<tif© (110) BSteStfSJBTEMfcAl .-x 
G a x N (fib, 0<x<l) WM^fettAii-, I n y N (ffl 
10 U 0<y<l) *H»ft:*ga© (00 0 1) HlC^W-SlS^SWfcOS 
.&1£tt&£9&<&t/VZ>T% Mo£A*fcttW&||fc4rfcAl ,- x Ga, 
N (fiU 0<x<l) XB£fflM*fettAli-, In, N ({lb, 
. 0<y < 1 ) ZQtottQSZ'??* 1 0 0 * (L M10 o- 

Lp Za ) /Lmioo [%] ttl. 0%J2TFT*&6£ b^o CftKtt 

15 bt, ®^M?©P t*g||*;fcfcJ:Au£||fc*r<Z> (111) 

-SIGFPEJIJfcA 1 i-x Ga« N (ffiU 0<x<l) *@8fc*NI*fctt 
Ali-, I n y N (fib, 0<y< 1) $@tt#ttA<!) (0 0 0 1) ®tC 
* 6 Efll Of&^tttt Jttt T* & § * , P t ^al iftttAu 
A 1 .-x G a x N (fib, 0<x<l) $S&tt!gil£fctt 
20 Ali-» In,N (fib> 0<y<l) &@jgftllSH£ ©te^© $ * 
tyflOO* (Lbho-Lpzi ) /Lmioi42. 6 % OTTrfc^ C ** 
»* U b*. Mo ftA* W&Sl-tt ifOM^fKBt««ffft<!) 5 X 
7>yf 100* (L ) /L M 1 OO #1. 0%£^*.<&£, en 

t><D&m&M*£Al i-x G a x N (fib, 0<x<l) ^l^ft^fctt 
25 .Ali-, In, N (fib, 0<y<l) IISft^W^K* 
9, £ft£©Al N-GaN&*fcttAlN- I n N&OflEtSttSMOE 

[S]14S^ B B B '^li<^0> *©*£H, maatMS^^k^XtfMW 
p°dW#^ (ail) *VM<fc!K ffiWSMi^tB^^fllHt^ -f ;u*-fcbT 
©ttH**»fb**flliRite**. RH*k, p t&A^Aujgiifc*r©K.<>a: 

30 #t&?£^t&t&^:S©$XVyf- 1 0 0 * (Lm,,o-L pz . ) /Lm.io 
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#2. 6%*m%.Z>t. Cft&O&HBAfc A 1 Ga x N ({HU 
0<x<l) «^f:ttAl,- y In, N (fib, 0<y<l) &@ 
&ftfc<Dte : fSi£14**38< £0* CftS>0!)A lN-GaN^ifeliA 1 N 

-inNjREm^iKosiRittarftsatt^aK'aro* *©^jh, 

^SM* 7 -f - 1 b r©ttfl8#ltffc t sffiiRi fc & £ . 

A 1 i-x Gax N (fib, 0<x< 1 ) $@$ftM(&fcttA 1 ,-y 
In, N ({flU 0<y<l) MfiftVHttcMEl^Kr^b^ XMsISt 
&KJ:Dffi!]£Ufc (0 0 0 2) ®(D®^Ttr-^©ny^V^- ^7-7*^(1 
10 40 (FWHM) tt3. 0 6 JUTC**0D**if* U^. n^^'A^ 

. ¥ffi*i (fwhm) #3. o° i^iilgMtkt 2 ^IT 

(fwhm) TOTS^api 5b£_La5n» 

15 fc»c, *5SW©SiJ©*JlliJKtt*lttW1"*. c©^J6^-ett< 0 3Scf 

Bi4ic^*n*ai*i««*Wbr*9, fib, Tmw-mi 6tt* ±ib©$ 

4A1 NfcGaNt©@»f*:*fettAlNi: I n N 6 4 0 > 
*©jf S&tflRfcfO. 3~3. 0Mmt^l>. MjSlftt, 0 
04fcHUK93Ufcfc©fcl»"e**. 

0l-^4tC*n^6^l^1i©^ti^^t^WlC^|pI-<D^^#$4 v lT 

25 S t * EtMfflltt %*T? * M»K* * * ti^iW * # ? 4 » 
^- (Stacked Thin Film Bulk Acousti 
c Resonators and Fi Hers^fctlStacke 
d Thin Film Bulk Acoustic Wave Re 
sonators and Filters) "C$><5><> BP^>% WMfcM 1 

30 3±fcT»WU5, * 1 ©E*ft» 1 6 - 1 , , %2<D 
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.ftffl 7' tt, iioESMi 6- lK»f*±»Wikl/T0flWlk 
H2©EBftHl 6 -2Kflt*T«TOfcbT©«&fc ^1 
©EEmftlSl 6-iatfH2CDffi«{*:Hl 6-2fcfc» ±IE©H&A1N£ 
5 GaNfc©B&tt*fcttAlNMnN£©@8tt*>e>fc!K ^©J?£fct 
flUfcfO. 3-3. Ojimfl.^ 

JPU ^ram^l7' t±fi|JMl 8i:©ffl©*E*ai^*E^bTK 

15 El-e^^o cn6©HK*^r, liEiWi ltttH&i 2, 

1 2®±m±foMf&ztitzmmwMi 3&z&mm#Mi 3©±®±k 

mi 3©±®±»c^snfcTW*ffii 5, MTSPH^i 5©— »*ai5 

20 m*H0i G<D±m±foM®.zfttz±%!>mmi i mwn 21c 
^%Mt^tT7*-;b2o*TO$nri/^o *&*tftJB 1 3 ©- 
»tter*-;u2 oizfattxm&bx^Zo c©*feii#Jii 3©saj8& 

2 *. *fc* TWWil 5Rtf±W*«l 7tt, SIl 

25 SP2 1 m»iSt-6fll«rtK:^*nfe±tt:aJl 5 a, 1 7 at, MiftSfl 
.15a, 1 7at^0^©^©fc&©^i 1 ^l 5b, 1 7 b *£f 
£<> SS^fi&l 5b, 1 7bttjg|&aJ2 lfcttl5t*ffiiS&&fciM1"*. 
g$gl2fcbTtt, Si (10 0)$g H H ^M^ *fettSi* 
4f©«*t©*ffiK:S/ »J 3 v % ^-f v K*©*te©£*SlilgS«:7M 
30 bfcfcCSrfflV^Cfc**-?**. ££l 2tbXi±s %<Dm<D¥MfoZ*> 
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*>\ stgi 2ic7TM^n-5^Pf>t±v e7*-;u2 0fc**t><DK:tti83£3 
ni\ £1912 i©jgii%fF^fi-*4)©"e*ntf«k<, RraflS2 ncft 

• 3fcl/Ttt, fWAfcfllMkS/y 3V (S i 0. ) «ri«^fct 

■zmmtkms i^'jnv (sin x ) t*^mf*i£> 

ink s/ y a v * ^ t* £ ^*&n t »k y 3 > * £ * * sm 

«fc ife^i 1 3 ©j?£ it. mxif 2 . 0 n m%.m. U£ b < t± 0 . 

5 IfilftttVl 3©J&Jft£ffifcbTfcL 5/i;3VHJ8* 

15 SSI 2®g®©M^CVDa««tl^. £fc> *»WK1*^ 

xffi&bx, TOTffii 5#er*-;u2 0fcfattT*toUfcl«£*«ffl 

20 CDs WftAttftft (Qfi) #ffl±T*fctr^5RWW***. 

m &c mmznz mm £*mmtzztfo&«)Mi&znx&*), © 

WSttflUtf 5 0-3 0 OnrnW. EE«ttlSllS 1 6fctA 1 N*>6^ 
25 0, *©JS3t±0IJ*.ft£O. 5-3. OttmW, ±W«flil 7fct> tflj*. 

30 • *y?x?y* **)7'7 g y fyfxr 
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a> A^-i>-)A> s?;U3^^A, 

m*C s &£<> 

15 %*.£ti&o #ElB»te*^T*-Eflflli:tt» SMfcWIKlt 
t^l£a®* s tiuoT^-&^ H B ^bM©^i:%jt^t6o $J*.fc)?> (0 0 0 
i) tHEfflittt. KiBfcTOlc (oooi) ffi«*M6ftbr^*M%«w» 

20 ^£t*ffi«fc^fe©***t*. ffJXtf, (0 00L) ¥HEffilR« SP 
oftMMEfflRtt* e-2e@<6©x«|5i#fSljE'r (oool) HJgl 

' ft<DRttH&& (0 0 0L) fflfij»0il^:tr-^5fia©5X*SI, £?£L- 

<«2%^, *e>fcff*u<tt«ajiaisi^T©<)©-e**. (o 

OODli, (0 0 0 1) &£l]<E>®, fiP*>, (0 0 0 1) SK (0 0 0 
25 2) ®, (0 0 0 4) H«tif©<*flli4ffi*l8»t**^tf**, 

*f§B#ge>fciu H7acfH8»C^t1i«C!)FBARK:*^T, *©&Jg 
#tt*** U*tt«r6MMm®#ft* 5M»* El4tt, iMtifc 

'tt#1"*CD*>K:o^-CttWbfc. H^nTV^FBARTtt, TOT© 
30 1 5tt> itfgfcECTgffil 2 £»UTJBJ83ft*8m£B!» ®^S£^ 
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mmom 2 <D&mm& «fc &&b$.wtM<Di& 1 o^ii^c ©mtcsjiT 

5 JBlfcbfcft, f-V^KJ: 0 cn6©&MM*J?r£©JBttfc/S 

*-Xfcbfc. A1NI116(1 TWWil 5%JfcjSbfc*«l 2©± 
®K:gffitt;^y*H£fc<fc9MJMbfc^ 7* h»;y^7-f-gtB 

%l^t, ifr*-;u2 o±©§p^%l^<M^©-M^^y *y?w& 
t^^ta^ m^c^^jpxufco C©BR, Al N^iil 

10 .^M©^l©#ll^©r H ^C, Ta5til '5 4i)St4 2JiU:0^g 
Jl£ft©Jf $© 0 . 1 ^-^©^^©^©^ISJiSfett^^lS^^b 
*56W©BWttJi«**i*. ±fipm®i7t±, tfr*-;u20±tc 

bfco 

15 #3P£:#e>fc^ *Efiitt©»ii* s M*i:#6ti*ffiM*i«as©^*© 

ztizx*), M#tt^JRK:ft*1**«F£©lHl#ftr-^©ay*v^- *- 
7**Nlffi (FWHM) #4. 5° ^T*^^i5lBlfi]'tt^oii§itt©m^ 

lliWb, c©«Ji^«»«±K:a^7^$i^A*l«**ft*-«; 

20 2>Z.£X\ (0 0 0 2) ®ftV—?®Uy*y? • (FWH 
©tm«\ (110) EIrI**U ItiiBfcWfc (110) ®#J&SbT 

cn6©t*»t±»wtta***fi^fcv^«Ptt*WT*. ^ev^ry 

(Mo) fc±J##fc"tS££fcbTtt> 99. 38%Mo-0. 5%Ti 
-0. 07%Zr-0. 0 5%CfcV^il§J&£W1"&T ZMM, 95% 
30 Mo-5%Re^i, 9 0%Mo- 1 0%W^^$>^. * >X^f 
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y (W) &±J##fcf £££fcbTfci\ 95%W-5%Re^ 9 0% 
•W-10%Mo^ W-Cu-N 

0, cft6©WRtt (ill) Bl***U ffltffifc^frfc (l l l) BS# 

J&ftbTI/>*. <4VV*?J> (I r) ft±$ftfct*&&fcUTH:I r- 
Pt££fc*f****, S# (Pt) fc±$#fct*&:k£:bTfcJ;P tfc 

10 Rh, Ir v Ru> Pd, Au, Nix Wa>6j8fc£*l ft 
& (Au) *±fiR^fct*^fcbTt±AufcPd, Pt, 
Fe, Ni, Cu, Ag*>6Stfn^JSfc©^ft^**&*. 7)l$~ 
t>k (Al) *±$#fc**&&fcbTtt» AllC4>»©Si, Cu£$s 
•Jn*fcttH»**fcAl-Si-Cu*^, Al-Si^, A ItC 

15 4>1<7)Mck W*@$g£-efc££* Al-Cu-Mg-Mnl^, Al 
-Cu-Mg-Ni^, Al-Mgl^, Al-Zn-Mg^ 
&KZi)*&Zo M (Ag) fti^tf^ibttt, Ag£Zn, 
Al, Au> Sn, Cu*>6>atfft*&JBfc©£&ft£****. ' 

A l NMt l 6 i ©^JR«fc©HIK:^sn*SiJ© 

20 ±m*tz\*tt.&m®m (nmm) tbxm^nmm^mt. 7)i$ 

(Al) *£j&ftfct*£&fcbTH\ WIBOA1 -S i - Cum 
Al-SiM^ Al-Mo-Wl^, Al-Cu-Mg-Mn^ 
25, Al-Cu-Mg-NiMl Al-MgMi> Al-Zn- 

■ MgM^^$>-5. 7;i/S~£A (Al) Z3E.mftk.tZ4t£MtL 
X&s AlOx N y %Z&$)Zo 5/>j3V (Si) *i^fct«<b^«B 
bTfetS i a N 4 * SiNxx SiOxNys Si0 2 ftif;6*&£o 

30 fcbrfi6ffl«n**faiw»tt, *?^*s^a, ^^v, xj-wj*. 
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* *. (Mg) *i^fct*^sfefcU"rttMg-Al -Zn 

-Mn^i Mg-Zn-Zr^ t M g -#±87Gf£&&£fc 

(T i) &±$#fc?*££fcbTfcJ:T i fcAl, Mo, V, 
Cr, Mn, Fe^eStftl-S^li:©^*^* 5 **. (Nb) 
10 *£.f&fttt&&&£bXteNb-S i -T i -Fe£&fc£**&*. * 
V^;U (Ta) fc±)£#fc?-<5£&fcbTtiTafcCr, Fe, Co, 
Ni, W, P t^^ajftlft^lli:©^*^****. ^HA (Cr) & 
£$#£1*.5&£fcU"tfci:Cr tFe, Co, Ni, Mo*>6>Stfn*^ 

-v*"^ (Ni) *3E.J&ftktZ&&£LX& 
15 NifcAh Si, Cr, Mn, Fe, Cu, Mofr*>&li£tl&&Mk<D 

20 ~*A*±j£ftfc**££fcir?**. tit, ±ffln,mn tbx, ^ u 

ii, >;s?$A*±j£ftfci-<5£&, a£*£js#fct*£&» 

25 -7A, f-^V, A^-S?^A, S^Un^A, A7-9A, 

A, r.y^r;u % ^^e^Afcij^fct*^, 7;US Afc±J$# 

30 • ;u*i^^t>5^* i e>Mtfn^^M* i e>^^M42Mj^j:^lur^ 
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5 *«©X»|5|»fK:J:0a£Ufe (0 0 0 2) @Jf tT-*©n * * • 
jj-7¥mm (FWHM) {±3. 3' *are*>*. o?W-*-^ 

.{pi (fwhm) #3. 3° \>xtx*tb*t. mn.mmm&&mkst%w 

• e>te, uv*y?- *-^*flMI (fwhm) #jiJgte:*:£<&6£x T 
10 VMMHHIB l 5 b fcTaWSHKPW 1 7 b fc©Hte*«y-*sWfi£b 
J ?>t<ft£4$[o]£&'2>. 

15 tfj***^S*«**. bTb#flffl-c*1\ 

#&ii©si]©si»aBtt* 0 3RtflS4te*3ft*«ftit$fc£bw 

**TWWffil 5\ E«fti§Hl 6*J:tf±as*ttl 7 (1 7A, 1 7 
20 B) fct, ±§m7RtfmSKM\;MWLtzb<Dtmmr'$>Z>o 

■ m 9 tt*»WKl J: *»Bt£E*ftJ»©« 6fc»J©£ifc$IR**tfltS;M 

¥®n-e&i), 01 ot**©x-xigr®Ei'?&*. cne>©iUc*^T 

6-1, «il7' , »2©ffi«{*»Kl6-2*J:Cf±»Wil8 

#c©JEtefSJB$JjB3*i*ci/>*. p*ggpmn 1 7 * moEtWi 

30 Q-iiz^t^±^mmtbX(ommtm2(DE.m^mmiQ-2i l znt 
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inu ^asmn^' fc±spMi 8fc©ia©mjE*atf7«Efcb-c3fc 

5 c©J;54:«l^©^fii!7-f ^-*aaHff«7-f ;u*-© 

flifSSfB £ b T^ffl t 3 C fc «k 9 , flE*l***» * -6 © "C^EUt 

k t 2 = 0r /Tan (<f> r ) 

<Ar = (TC/2) (fr /fa ) 

15 

«#©£*>* lIMMik.^bt, ftiS 

kt Z =4. 8 (f a - f r ) / (f a + f r ) 

20 HlSCfEg2, 03X^4, H5atfH6, H7&£/li8, MtffcS 
9&tf(H 1 O©*n€4lK:^l/te1t«0FBAR*tettSB ARfc*^ 
Tx 2. 0-3. 0GHz©«BlC«^«^ffm^5^AttB[©ffi 
^fi^e>^fefcmMm^^k t 2 Ji4. 5%ja±fcfcAfc)T4. 5~ 

25 ^b/'cFBAR^/ v cttSBAR©^i|ii^/h$<^9^ ttil&tt 

30 *HSfi«ljTtt, WT©<fc^tCbT, 191, 2l!l^SnTV^«|ji©E« 
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IP*>* 2 5 0 ixmO ( 1 0 0) S i 1 2©±MRtfT®te» {g 
EC VD&teJ;«)J¥£ 0. 5 5 (imCil^ V 3 V (SiN, ) M*Mf& 
' btzo ±MJ©S iNx SfcTMil 3i:bfco tit, TMI©S iN, 

JBfcbfc. 

TflfeKl 3©«®»C, DC^hn^;ty^KJ;»)**2O0n 
mOMoiWU, 7 * h V V ^ 9 7 4 -fc «fc 0 A * - Wfc b TTSP* 
SI 5*$$bfc« TWHl 5©iftfifll 5 attW^HOx 1 6 
10 0 /ttm©g$'fc£l/^ttfcbfc. TBBSffi 1 5**£-Elfi]IJi"C**Cfc 
tt, X*60tf8!l£fcJ:9fllSbfc. c©MoTOT«l 5±fc. HJ^fc 
^ 1 tC^tm = ^*^tf»$ 1 • 5 5 nm<DA 1 N»K*$J«bfc. 
A 1 NUlO^tj:, »:t©*lJ£**r** A 1 fctt&IRA 1 ©-g& 

IS2OOnm0Mo*»6<i:S±SSSl 7fc^J&bfco ±BP«S 1 ?© 
±ftgM 7aM^14 0x 1 6 0#m©J©BK:2W&KfcU 

20 5 afcft(ST*ffiilfcEMbfc. 

J^±©J;^iCbT#e>4 v l^ii^cD±Tg|51l1il 5, 1 7&tfE 
tftlttl 6©JM£ftW£§J£PMMAMTi£«U SilSl 2© 
TS^ff^bfcA^-V^S i Nx IfoMfo 
t£S iSfil 2 0M*KOHMit'i>^>^bt, Sfilfcfc 

25 £tf7*-;U2 0fcJ12$bfc. S igffil 2 ©±®JC7M£nfc tT7#- 
;U^DCD^S ($^a»BIS2 l©¥f^1£) it* 2 0 0 x 2 0 0 mm-e&o 
Tz. o 

^±©XS»CJ:0fll6nfc»«E**l» (FBAR) (C3^t> XP 
30 M£MXtliaftM*ttffib?, 7-f7?*M-*8K:J:*MlX 
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mmmm (0-20 mmt **w?&mEt k a 1 mv-?<o*m 

m (FWHM) MB.) t (0 0 0 2) ®ffi¥-?<DUy*y7 • 

flip! (FWHM) $j£££fir-?/£o XPS^j^iCckOiJ^bfcA 1 NE 

SftH 1 6 <E>|gii^f*ki; 0 . 5 Atm%5fc?ii-e&ofco AlNffm^SI 

±IB^fliE«^^S1i5ffi : ? 1 5 b , 1 

[H»l]2~4] 

*HWJTi±x JiTFOJ^tebT, 1211, 2fomZnx^Z>Mm<Dl±n 
15 SIR^^ifHHbfc. 

DJ?£0. 2~0. 7 fxmVffimftOWt^V 3 V (S i 0 2 ) M*BJ& 
bfco JtMJOS i 0 2 Jf&TafeI*l 3 fcbfco T®iJ©s i Oz 
SttS^l 2iC^t^l«©tT^-M^©f2fi()<D-7X^CDA^-ViC 

20 Mbfco 

TJftlBH 3£>^®JC> DC7^4ny^/t^^tcfcD^ 1 5nm 
0)7 imt J t<D±0)mZl 0 0 nmOP t JI £ ©SJIIIfcJMU 7* h 

•jv^7 7^-ia?iA^-vjhbtTWi 5&jMbfc„ 

1 5©i#:§[5l 5 afct^W&l 4 0x 1 6 0 n mOMZfo&^WVlt b 

25 fc 0 TSimm 5##-MiT-&S<:i:fci:, Xilllll^lJS^^OiiEb 

fzo BP*)x 0-2 90^7^ 7 9^ h^-^ffitC^^Tx (lll)^J 

(0iB^©lHl«ftr-^3fiSttttltilfi^T, Tftfc*>* (ill) soft, 
*fc°^;>§$g©0. 5%JMTT^ofe, CCP t/T i TBBmH 1 5± 

30 BlODJSSttx g2fcji*TjI9Tfc*o AINliOM, 



WO 02/093740 



PCT/JP02/04576 



3 3 

5 ^^Mtf'i7h^7Mfflbt, J¥3 1 00nm©Al*>e>ft*± 
gpmii 1 7 *JB«Ufc. ±»M 1 7<D±ttSP 1 7 att Wtft 1 4 0 x 
1 6 0 ra0£»teifi^7&KfcU TfiPWSiftSP 1 5 ate*HEt*(M 

fcfc* Oh©J:^KbT#6ftfcfll3ifl:©±T»Wil 5, 1 7£tfi± 
10 'vttlftl 6 0jg«*nr^-6fl!l4PMMA«fJ!i-e»aU, SiSI12© 
T®Mbfe^^-^S i 0 2 MttvzttbX. M9hm im 

□ CD^& (M^2 lCD^S^S) fct» 2 0 0x2 0 0MmT?*ofc. 

15 ^©leteJoaeftfcfcWEMJWF (fbar) ico^r, xp 

ffi (FWHM) MS) * (0 0 0 2) 0ffit^-*©n 
20 {Iipg (FWHM) aiSfcfcfro.fc. XPS#3fl£teJ:9$l£bfcAlNE 

' 1 6©ffl«*J:tf*eStt©ffMIIilSft*aifc^t. 
7-*7*?-f1f*&fflbt\ ±IB»ffilE*^ : ?©.M^ : f : l 5 b, 1 

jc^r a 2 ic^-r it d t* & o fc. 

30 [XSKOT5] 
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*mm®x&, vx?o£*>\zhx. ®3, 4\z7r^nx^mm0S.m 

±y^mm 15,17 <Dwmv^&*^x%mm 1 1 nnviM* 
mm^tzo TS&mm simwim iic»»^o^»t 

5 1 2 0X 2 8 0 nmOWB^hOt U ±%>W& 1 7te* 

n^n¥®^6 5X8 5 fxmCDfeMfofc^MftVi.fo® 1 7 A a, 17 
B a&mM2 0 um*&^X%mzntz > b(Dl:LtZo . 

\)X±.(DiM^^^n^ntzmmm^m^ (fbar) \z^x. xp 

ttlslffilllS ( e - 2 0EH6K: J:*«ff £«8BSt K a 1 M 
fl (FWHM) $]£) £ (0 0 0 2) mifTe-^CDn^^V^- ^7-^ 
.{ill (FWHM) ?IU5££fct7ofco XPS#3fr£^<fc«£bfcAlNBE 
mftH6<D^^WS«0. 5AtmMtfeof;, A 1 N Ell Ml 
15 1 6 <fc *NM£®ME£*& 1 {C^t o 

±IE^BIffiS^I : ?©T^S1i 1 5<D$B^ (H13, AXfrmom^ 

W q p pff «I a [tm 2 fc^ til 0 X' <fc o fc o 
25 . [«0IJ6~8] 

OT<DJ:^^ur, H3, 4\zmi$nx^mm<Dim 
mB&M=F*mbtzo 

±Tffi«ffil 5, 1 7<D^&tf^£&I^T|i»J2~4 fcPHi©! 

^^mu/io TWM1 5&JIM2 licmi-^TO%^J;^lc® 
30 T ^ 1 5 0 x 3 0 0 m m®«© fe(D i: ±W>WM 1 7 
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tt*n-en¥®^7 0x9 0 nmom^z^w^o^.^ 1 7 a a, 

1 7 B a &mm 2 0 n m & 43 ^TSM* *lfc <£> £ U fc 0 
m±0!)Xig^<fcO#e*lfe^Em^ : f (FBAR) K-5^T, XP 

110 WJ^ (0-2 0HrtBCJ:*«^ffl:aSfcKo l@»fe-^©*ll 
ipl (FWHM) $|£) £ (0 0 0 2) ®flffcr-*©ny*^. #-7*^ 
ttiH (FWHM) SflSfcfcfrofc. XPSft#&fcJ:9«!]£UfcAlNE 

10 -i6 ®mj&8&ffl£B>&<Dn^%*% 1 tc^to 

±fB*ttEW&Jf ^©TfilHIffi 1 5 ©«m» (03,4 -eSfflJORtM 

#) srjgit&mffifc&au ±as«ffii TAojg^wi 7Ab*>e>M#*A 

20 [Jt«««l, 2] 

SMoEWIIWWFtfRB U fc. 
25 &±©IgteJ:9#6ftfcS^Em#ig ; F (FBAR) fcovvt* XP 

^««BX«Illjff«aft«fflbTx r-r 7?* M-*ffifcJ:*MlXlSU§l 
9rM£ (0-2 0|I«lcJ:*ttTS«aMgfcKa 1 @Jrtr-*«t>*MI 
(FWHM) jfflJE) £ (0 0 0 2) |H]#r£-*©ny*V^« ;#-7"*NI 
30 1(1 (FWHM) ifl]££fctTofc„ XPS^ffiJCckOaHSbfcAlN^BI 
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©KSteWMttlttfcfl] 1 . 2 t %>m 2 . 5 A t mK-C&o fc. HJfeftJ 1 ~ 

ps^«f*^fcll#lMksnrw^w*jWllinbteWtttt«)**. ai 

*n*n£JM»i, 5 filiate b-c^v 
fa ©$j5£fiia>e>, *»*«iS£i*Sk*\ immtf fttf» 

^nctt, ^mmm^^^^ti^notmo (oood bbiri 

lift Efott* ^tt^6m^M* s a:#^n6i:^icSo*< * 

Kftft (Qtt) ^J^^»^'ffi^if0'ffifi*^±t^o 

25 mmms] 

^mmmxit, vxroxsizLx. mi, 2te^3nw*flt$i©'EH 

*«ftW*fWbfe. 

SP*>, JKHMfc&fcJ:!K J?£ 3 5 0 /xm<D (1 0 0) S i Sfi 1 2<D± 
TPfiBfcJM 1 • 1 MmCS i 0.2 IfcJfcJSbfcfk ±MI|0S i 0 2 Jf 
30 ®fr%s-v : f-V?bXs ±MOS i Oz Mom^^O. 2 8/LtmiCpHb 
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s i o 2 6 ft i 3*jg«i/fe. <:©ii^Ii 3©±®{c, 

DC7^ hn *HSfc J: 01?$ 1 1 OnmfDPtlSI (Ti 

Pt/TiT«Ml 5*JB&bfc. TSPm^l 5©±#SB1 5afcL ¥ 
5 1 4 0X 1 6 0 mnOjgJBfcjSWRfc btz* TSPM 15^ (1 

1 1) EfflKBPfc#-EflKT**cfctt, XttHtfillSte J; OHMSt 
fc. £<DP t/T iTSRSUl 5±{C, iil!0lM^WT^A 1 - I n& 

1 KlEiBOSM'F'C, P^JC^Tia^OAli-, In, N&S^ttSfH (E 
10 mftHi) tfcfcbfc. IMMI*«fflbteaa*»^V^teJ:9, All-, 

t, H$ 1 1 Onm-e±ttSBl 7a®WSl 40x 1 6 0/xmCD^ 
KjfiV^ttOP t/T i±g|5«Il 7*$$Ufc« ±§|SmMl 7C7)£ft£|5 
15 17att, TSWSifttM 5 aiC*HST*tt*K:K«Ufe. VXt 

o «fc ^ ic b rf# n fc«£ft:©T»*ffi 1 5 ±»*s 1 7 1 &n&m 1 

6 tOWt$L*tlX^Z>m*'7VT? h7^XftIb, S ig«l 20 
TtSfcT&J&SftfcJM 1 . 1 nm0S i 0 2 I^/^--V^btMt 
fe-ex^^ffli/^, M)S&2 lMt^S iStSl 2 K0H7k 

20 Mt'^^y^tt, Sl»fcft*tf7*-;u2 0*j&j£bfc. 

±E0I5@tc«J:oT^$iafe^liflEm«» (fbar) ico^t, 

XPSMffiK^DAl,-, In, N*l»#»«©ia^«r%fT^i:^ 

*H»5ifffiiiiffl^*fllx»|5ijT«jt*ttfflbr, f^77n^- 
^HSlCfcaft^ftSll^fc (0 0 0 2) EUre-^oay^v^- *- 

25 7**fit(i (FWHM) SJ^fcfjofc. Ah-, In, N^i^ft^M©ia 

•7-*7*^if-%tefflUT* ±IE^Em^»0ll« : ? 1 5b, 
30 SMjMtftRf. <DS!IJM*>6* IM^iikt 2 , nttftMEtttt 
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wwmxmmsL* k a Mftaufcttttx. &£vnm 

mmm i o ] 

5 **WJTHix JsTF© «fc 3 fcbT* HI, 2te^5nw*HBi©ffi* 

BP*>, mmitmt^^O. J?£3 5 0jum© (100) S iStgl 2<D± 
TMSfCj?^ 1 . 1 AimCDS i 0 2 M£J&J&bfc^ ±MI(DS i Oa 1 

10 US i 0 2 *>6>***6*i*:ll 34Mbfe, £<Z>$feiiiftjl 1 3 0)±M 

■ ic , d c v ^* h u v x a v * -mz & o % 3 \z%m.<Dm^ <D P t «u 

UTPt/T iTOTl 5*$J$bfc. TOTtffil 5 0±#6M 5 a 
ttx ¥®^1 4 0 X 1 6 0 |Lim©£$K:ifit/^#fcbfc. 1 5 

15 # (l 1 l) EfflIRflP££-EflliT**cfcl±* X^HIMJ^lCfcOSI 
Bbfc. coPt/TiTSBWii 5±fc, «I©fi«4tt*Ai- 

0, ^3iClBIS©^r% H&fc^tfi$©A 1 i-x Ga x N&l^ftii 
M (SM) Wife. J»JWI*ttfflUfcfflax y ^y^K:j:r), 

20 A 1 i» Ga x N*H***«l*Hr£©JKttK^^---^bbrffi*ft:||l 
6 % JBJjfi b fee * <D&. DC^hnV^^-^fc'J7h^7^ 
ffflbt, ^3(CgEiM?£-CiftSBl 7a®WSl 40X 1 6 0m 
• m©JgJKKj5^tt©P t/T i±«PMl 7Wbfc, ±SP«ffi 1 7 
CiMl 7 att, TSflMIIiftBM 5 afc*fJE1*.&tegfcEgbfc. & 

25 Jc, j^±(DJ:^lCb-Cf#e)4 v ifdi3ift©T^mMl 5fc±gRmiil 7i:J3E 
B&Hl G£Qte&&toXV&m*7u?-*h7v*ZVW0iLs S IS 
£1 2©T®fcJ&j£3ftfcJM 1 • 1 M mCD S i 0 2 Jf%A°*-~V^b 
TMlf^X^^ffl^ SUMP 2 lWlSt^S ilil 2CD«£* 
KOH^ifttiyfV^lT, ^|®fc«:4trr*-;U2 0*JBJ*b 

30 /"Co 
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±E©ISKJ:9T»t3ftk*ME*£» (FBAR) fco^T. 
XPSMSKJ:9A1,., Gax NMifliM (£EMtt) <D$D&# 

9i> M-^-ffiteJ^te^SrtlEfc (00 0 2) HflrfcT-^on** 
5 ' V^-*-^3N«| (FWHM) a(je*fTote 0 Ali.» Ga x N&g]^ 

11] 

£3W&1 20X280 flm©J©$R0fcC!>fc3*U ±OTfi 1 7tt* 
nf *l¥®^ti 6 5 x 8 5 m m©Mti:jfi^r^©±M 1 7 A a , 1 7 
20 B aA^P§2 0 ^infc^TEBSnfcfcOfcSft, HiCffilift® 1 3 , 
TOTSl 5> ±»*ffil 7RtfEm&)Il 6©J1$SWK^IM^ 

3K^To 

r, ±GffM£E«AiB?®Tfmii5a)«7« <H3, 4-c7xilJ©fitb 

• ft&JIMMKliSttU ±»M1 7 AOJIimWl 7 Ab*>6OT* 
30 AftU ±«MMl 7B<D$ ; f$l 7 Bba>e>ffi*j{§^-&|RDiiJLt\ 
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[XtlN l 2 ] 

• *^M0!|-ett, OTD«fc}teUT* HI, 2te^3ftT^*«l$iCDE* 

EP^ 1 3 , TSflmffi 1 5 , ±OTg 1 7Rtf EftftSI 1 6 <D 

10 3 4 fcjjsSft <fc 5 »C $ tltz C 

SiNx M©#JSttffiEECVDfcfcJ:OfTofc. 

15 3tC^To 

**«10kB*K:urfffe«aWBaidRf r *J:tf£AMttft 
fa ©iWJ5M*>e>, l^li^Mkt 2 , MdMAtttti;* 
»Mi&K«^(i*#«>fc. ff6ftfe£«ffll^^CDW»mott*Jlitt 

20 £^4JC^To 
[Xffitil 1 3 ] 

25 . i^Wl^M^ 3 st;* 4 jc^s ftr ^ ^ «k 5 m $ ftfc c &w 
xmi 2 tmm^bx, mmtmmmm (Emit) 

30 ttz, mmm 1 2 * pubc urftfeaMStt f , # VExmmmk 
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5 [Jtffi0|14] 

io tt* *Jfim OfcH»«DIg**fTbfc. 

XMU OfcBWtebT, #6ftfcBSfttMSI (EM) CD£A^«f 

3 7J\ *f o 

^r^4([1^1*o 
[HMJ1 5] 

30 #6*j D D nM«Q^^/-co f#e>n/sff^fli^^©ji^i!)©s*M]^ 
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mmm i 6 ] 

s & ftE^i&js*^ 3 & cm 4 JC^S nr V -5 «fc 3 3 tlfc C £ J» 

3 iC^1"o 

20 ip*>, ifiitM 1 3 , t»*s 1 5 % ±^>nm 1 7 Emu i 6 © 

J?$SWM^IM^*3^^4(c^^nr^'6cfc^ti:$nfcc^^ 

25 3 i:^to 

fa ®ffl£«4>&, Bfttttttteflftk*', IMMUMttt. 

30 %^4lC^to 
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mmm i s ] 

sp*>, mufcmi 3, Tspmsi 5, ±8b««&i iRVEWfomi 6© „ 

5 ji$sa f MM^IM^3S^4^^$nr^^<};^ic$n/'cC^^ 
HMUl 6 fclsl$©Ig*^fTbfc. 

3 JCtfTo 

io tit. nmmi 6 fcrawcbT*fc^ii»ttf r & xvELxmmmk' 
#^p d p^^q^^^/-co #e.nfcE*»is*is : ?©j?*iBii©ii*JiiS! 

%^4ic:^To 

15 [Jt»J3, 4] 

^ **£©EW»K£ffi**tt» t fee 
gp*>, Ali-, Ga x N^li#ilKttettAli. v In, N&@$tt 

20 f£b* iftlfttJil 3, T^mni 5, ±«HM1 7&tfEmtfciIl 6©J£ 

it j?$sa t MM^3R^4(c^$nr^^><k9ic$n/i^i:^ 

tt, Xifcft9*fettXMIi 6a:BW»©ia**ffl/fc. 
±lH<z)X^ii:«kor^$n^BiES^ : f (fbar) ico^r* 

. x P Sftft&fc* 9 A 1 N*ffl|©fiJiMMfT*fT3 fc*Ki, Mfflfifffiliffi 
25 ^iiXHHflTil^ffllt, 79* M-:?-ScK:«fc*l& : F£ft 

(0 0 0 2) EHfttr— *©n**:/^. *-7*aMM(l (FWHM) 
8J££fr o fee X P S ftft&te J: 9 b fc A 1 N iijg©K3££«fci: , 

«3m^tji9*e*ofe, mmmttzi.tmmmi etrnm^m^x-mn 
30 izmAmitisnxmm^mvmnbtzoim&'b&Zo ain^i©^ 



WO 02/093740 



44 



PCT/JP02/04576 



*» £> ft ^fcFBAR^SBAR fctftfcfc ft ^JWStt*** C t 

15 C^»J19] 

IP*>, &I*fl:&fc«fctK I$3 5 0 jim© (100) S i g$ 1 2 ©± 
TTOfcJMl. 1 n m.O S i 0 2 IWbfet, ±MJ©S i 0 2 j| 
20 • <J>h>%3.v*V?\jX* ±M<DS i 0 2 1©J¥5*MU S i 0 8 

1 30!)±@(C, DC7^hny-XA^-^a0> Jg§60nm© 
Auill ($2®&JM) £«fctfJ?$l 5 0nmOMo^II (Hi® 

25 T, Mo/AuTOTffil 5%^bfc. TfiPtiffil 5©±i#SPl 5 a 
H\ W^l 5 0X 1 7 0 MmOM^a^t bfco Au£JSJf** 
(111) E(6]fli, fiP*>m-E«T'$>9, MoMl^ (1 10) IBIS] 

Mo/AuTOTtffil 5%S«bfc»IRl 2±tC> MJ^5N©^MA 1 * 
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^fc-J:!K AlN»g|*IWEa)»ttte^-WbbT, A 1 NjEMiMBI 
1 6fc$/£bfc. 

5 W£ 1 9 Onm-CiftfiPl 7 aOWffil 3 0 X 1 5 0 jum^^iCjfi 
TfiB«ffiii*:fiPl 5atc*fJ5S1**ffiM*CSIlL/fc. JgLhO«k^»Cb 

10 fifcSftfcJMl. 1 /xm©S i 0 2 IfcA^-^y^bTffMbfcv;^ 

±Eox@c«fcoT8ijis4 v ifcA i Nmm-£mMwmMfofo^x, 

XPS#3fc&te«fcD#6nfcAlN?Sj£ ©ll^«T*ff^ 
15 fc&fc, M«aMffiMIBXtlia9rM<rttffib'r. f^^n 
*-*H*fcJ:*l»JEftaMEfc (0002) m\^—><ou y • 

(FWHM) »i£*frofc. AlN»|g©j|&j££«fctfJgiM4 

20 7-*7*?-fir-*ttfflbT* ±K©»KEE*#JB : P (fbar) on 
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8ft f r £J;tf&£JiJ»ftf a ©»M*»6, S^«^ikt 2 « 
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ZftmbtZo TfiBmSl 5©i^l 5 att, ¥®^t&l 50X 1 7 0m 
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■ UbtZo C0Mo/Au/TiT»fffi'l 5*JBlSbfc*tgl 2±iC> £ 
JS0IJ1 9fcTO©J»f^CJ:0, 1 6*^Ufe. DC 

7^ h O >^ Ay ^-^il 'j 7 h ^7Mffl b t. iftfiPl 7a©¥ 
3 0X 1 5 0 Mm0^{Ciav^^T-J?$ 1 9 5nm(DMo±SB 
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mum 1 9 tH*cbr. a i NffK (ifm^si) ®-»ti r-r 7 
^^h^-^-ffiKA^ttTOaius, (0002) 
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IP*>* {giiCVD&fcJ;^ J?£3 0 0 nm© (100) S 2 
5 ©±TM®JC^7Kfef<b/'d?£©S i Nx JlfcffMU S i Nx frZ&L 
^WI13WUfe= £©*fei§Hfclll 3©±tSK:* DC^^hn 

Au£IJf (3!2©#jgjf) &tfMo£)il (3tl©£JDI) &C1©JI[I# 
K^J&U 7* hV y^7 7-f~iCJ;0A^-V>fhbTMo/Au/T i 
10 TfiflMl 5Ml/f:. TffiMl 5©±ft»l 5 afcfc* ¥®^&1 5 
OX 1 7 0 Mm©J©&fcjfiW&Rfc bfco Au^lJia* (111) *-E 

flii-e&*K mo^mi^ dio) %.-mfi\mv&zzti±. xmmffi 
m&z «k o mu b tzo <!©mo/a u/t i TB&mii 1 5 u fcsis 
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M&JMI: UTttfflSft, P t£Jgltt&4©£JSlfc bTtefflStu 
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«k 0 * 5 JClEiS©**!! £ J? 3 ^ 2 (D&MM'Bl 

■ tfSS 1 ©£gg*C U 7* h V V^97-f -K<fc 9 A*- 
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25 ^®^6 5X8 5MmCD^lC3fiV^tt©iWlT Aa ' 17BaiS 
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10 B?#^«A-^ii (FWHM) fflS*ffote. A 1 Nft|g<D|gJ$ 

* «fc *SBtt©fffli*S£*S 6 ic^ t o 
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m # © ss a 

io Ibr ;u $ - •> a jinr* t ssiil^l?. 

3. MIHEmWtt> CW@H|o) 5 S:^U, (0 0 0 2 ) ®.<*>XttlaHff 
15 e-^oa^^- ^-^Milii^3. 0° OTT-&&£fc%#$fc£T 

»*a l cc^oEiiawiiftw. 

4. $fiBEV#Ktt« C%m&0. 4 9 78-0. 4993nmT* 

5. tiflBEttfrKtt. (0 0 0 2) ®(DXHIll*ftf-^©2 eil<g 

20 fc©¥M4S#0. 6 e &T , C**<:fc*ftfte**» »#SUfcaBR©E 

6 . fulHgffi fc tffi&mJM&ffc t ©Hie ttTWM^t 

gfefct*. W^IM 1 teEtt©E**li#iB^. 
25 7. MIBTftfiKH^-fb^y 3y*±«^fct*RWIIH» B<hi/y 

n > fc±J&# t f^Wli fc tt&lbS/ y ^ y £ T £MSf* 

i: Mit i/ y 3 > l: 1" *mttM ©MIST T 

llJfcaeicEaoEWiWttFF. 

30 i lamoE.nmm&M^o 
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